The crystal structure of 'bis(glycine) squaric acid' [Tyagi et al. (2016) . RSC Adv. 6, 24565-24576], is revised. Re-refinement of the structure against the original X-ray intensity data after correct placement of the donor H atoms proves that the compound is in fact the previously reported diglycinium squarate [systematic name: bis(carboxymethanaminium) 3,4-dioxocyclobut-1-ene-1,2-diolate; Anioła et al. (2014) . New J. Chem. 38, [3556] [3557] [3558] [3559] [3560] [3561] [3562] [3563] [3564] [3565] [3566] [3567] [3568] . The findings are consistent with the pK a rule.
Structure description
In a search of the Cambridge Structural Database (CSD Version 5.39 with February 2018 updates; Groom et al., 2016) for salts of squaric acid (H 2 C 4 O 4 ) and -amino acids, we stumbled upon CSD entries SIZKIX and SIZKIX01 (additional database identifier VABNUK). SIZKIX is diglycinium squarate, i.e. a 2:1 proton-transfer compound of glycine and squaric acid, and was reported by Anioła et al. (2014) . SIZKIX01, however, is reportedly a 2:1 non-ionized acid-base complex of glycine and squaric acid (Tyagi et al., 2016) . In the original publication (Tyagi et al., 2016) , the compound was designated as ''bis glycine' squarate' whereas in the CSD, 'bis(glycine) squaric acid' was assigned as the common name. Since squaric acid is a remarkably strong diprotic acid (Gilli et al., 2001) , the formation of a non-ionized acid-base complex rather than a salt with a glycinium cation would be very unusual. Considering that incorrect placement of H atoms is a common pitfall in crystal structure refinement (Spek, 2009; Bernal & Watkins, 2013; Schwalbe, 2018) , this prompted us to scrutinize the structure and crystallographic data of SIZKIX01.
First of all, visual inspection of the original structural model for SIZKIX01 revealed that the hydrogen-bonding pattern is not sensible. Moreover, several checkCIF/ PLATON (Spek, 2009 ) alerts concerning a strange C-O-H geometry (level A alert), data reports short intra-and intermolecular D-HÁ Á ÁH-D (D = hydrogen-bond donor) contacts (level B alerts), positive and negative residual electron density at N and O atoms (level C alerts) and a C-O bond without an H atom attached longer than 1.3 Å , indicated incorrectly positioned hydrogen atoms.
It is instructive to inspect the F obs -F calc difference electrondensity map to identify incorrectly (and correctly) positioned H atoms. From Fig. 1 it is obvious that the positions of the N-H and O-H hydrogen atoms are incorrect, with the exception of that bonded to O6. After re-refinement of the crystal structure with correctly positioned donor H atoms against original diffraction data, R1 [I >2(I)] dropped from 0.0589 to 0.0426. It should be noted that the R factors reported in the article by Tyagi et al. (2016) do not agree with those in the corresponding deposited CIF (CCDC 1052856). The residual difference electron densities after re-refinement are 0.35 and À0.28 e Å À3 (originally 0.63 and À0.68 e Å À3 ). Fig. 2 depicts the revised and re-refined structural model for SIZKIX01. A detailed description of the crystal structure of diglycinium squarate can be found in the article by Anioła et al. (2014) . It is worth noting that the carboxy group of one glycinium ion adopts a syn conformation, whereas the other exhibits an anti conformation. The crystal packing of diglycinium squarate is governed by H bonds of the N-HÁ Á ÁO and O-HÁ Á ÁO type (Table 1) . For other squarate salts of -amino acids, see : Seidel & Zareva (2018) , and references cited therein.
Considering that for ÁpK a = pK a [protonated base] À pK a [acid] > 4 ionized acid-base proton-transfer compounds were observed exclusively (Cruz-Cabeza, 2012) , the formation of a non-ionized acid-base complex of glycine and squaric acid appears to be very unlikely. The pK a value of the amino group in glycine is 9.6 (Dawson et al., 1986) , and for squaric acid, pK a1 values of 0.51AE0.02 and 0.55AE0.15 were obtained by conductometric determination (Gelb, 1971 ) and potentiometric titration (Schwartz & Howard, 1970) , respectively, although based on earlier studies pK a1 values in the range of 1.2-1.7 were reported (Gilli et al., 2001) .
In conclusion, the crystal structure of the compound previously described as 'bis(glycine) squaric acid' (CSD refcode: SIZKIX01) is revised. It has been demonstrated that the structure is in fact the known proton-transfer compound diglycinium squarate and, thus, identical with CSD entry SIZKIX. Consequently, the results of Hirshfeld surface analysis in the original report by Tyagi et al. (2016) , using the incorrect structure model, must be questioned. It is to be hoped that this contribution helps to avoid such errors in crystal structure refinement in the future.
Synthesis and crystallization
The crystallization of the compound was described by Tyagi et al. (2016) .
Refinement
The original data (CCDC 1052856) were retrieved in CIF format from the Cambridge Crystallographic Data Centre (CCDC) via http://www.ccdc.cam.ac.uk/structures. The reflection data (HKL) and the SHELXL instruction file (INS) were Revised and re-refined structural model for SIZKIX01, proving that the structure is indeed diglycinium squarate and thus identical with SIZKIX. Displacement ellipsoids are drawn at the 50% probability level. H atoms are represented by small spheres of arbitrary radii. Hydrogen bonds are represented by dashed lines. Table 1 Hydrogen-bond geometry (Å , ). extracted from the CIF using the program shredCIF, which is distributed with SHELXL (Sheldrick, 2015b) . A structure factor file (FCF) was generated with SHELXL2018/3 using the LIST 6 command, and the F obs -F calc difference electrondensity map was visualized as a three-dimensional mesh (Fig. 1) , using shelXle (Hü bschle et al., 2011).
A re-refinement against the original intensity data was carried out with SHELXL2018/3 (Sheldrick, 2015b) . For the sake of consistency, the chosen asymmetric unit and atom labels, as shown in Fig. 1 , were maintained. The positions of carbon-bound H atoms were calculated geometrically and refined using a riding model with U iso (H) = 1.2U eq (C). The C-H bond lengths were set at 0.97 Å . The initial torsion angles of the protonated amino groups and the carboxy O-H groups were determined via difference Fourier syntheses and subsequently refined while maintaining the tetrahedral angles, and with U iso (H) = 1.5 U eq (N,O). The N-H bond lengths were set at 0.89 Å and the O-H bond lengths were set at 0.82 Å . Crystal data, data collection and structure refinement details are given in Table 2 . Extinction coefficient: 0.0281 (16)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
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